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Abstract 


With the release of HAZARD I, a prototype hazard assessment method 
and software, the National Institute of Standards and Technology (NIST) 
has brought to the fire protection engineering community a new generation 
of hazard analysis capabilities. In order to help HAZARD [I users benefit 
from the software, Worcester Polytechnic Institute (WPI) has developed a 
five day short course. The short course emphasizes correct use of the software, 
and how to recognize misuse. 

The course has been offered three times to a broad range of students. 
In general, only those students with an engineering background were able 
to learn enough about the HAZARD I software to feel that they could 
continue to learn how use the software on their own and eventually use it in 
practice. Nonetheless, virtually all of the students benefited from the course 
and found it a worthwhile experience. 

The course development was sponsored in part by the Center for Fire 
Research of the National Institute of Standards and Technology. Mr. Richard 
Bukowski was the Scientific Officer. 
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INTRODUCTION 


With the release of HAZARD I, a prototype hazard assessment method 
and software, the National Institute of Standards and Technology (NIST) 
has brought to the fire protection engineering community a new generation 
of hazard analysis capabilities. This package brings a methodology and sup- 
porting software to the desks of practicing engineers which has previously 
been unavailable to the FPE community. This landmark release presents 
major educational challenges to practicing engineers who have not in the 
past used fire modeling of formal hazard analysis methodologies. 

In response to these educational challenges, the Center for Firesafety 


Studies at Worcester Polytechnic Institute has developed a prototype short 


1. INTRODUCTION 


course for practicing engineers to prepare them to use the HAZARD I 
methodology. The five day short course provides an efficient and effective 


introduction to the HAZARD I methodology and software. 


COURSE GOALS AND 


OBJECTIVES 


The short course is intended for new and prospective users of HAZARD I 
to introduce them to the software, the underlying principles, and the overall 
hazard evaluation methodology. The goal is to assist te course participants 
in overcoming the initial barriers to effective and efficient use of HAZARD 
I, and to develop a sufficient base of knowledge to allow the use to continue 
to develop as a HAZARD [I user after the short course. 

The course, as any course concerning a tool like HAZARD I, needs to 


go well beyond the mechanics of using the software. The course must focus 


2. COURSE GOALS AND OBJECTIVES 


on how to use the methodology and software correctly and efficiently, and 
how to recognize misapplications of the software. Any course which focuses 
largely on the mechanics of using the software will simply make the software 
accessible to individuals who have not been trained in the appropriate and 
correct use of the software. In this course the mechanics of using the software 
are treated as secondary to understanding the basis of the software and the 
use of the models and methodology. 


In order to achieve these goals the course topics include 


the hazard analysis process, 


the scientific basis of the models, 


the limitations and accuracy of the models, 


determination of te required model inputs, and 


the use of the programs. 


While participants cannot become expert in any of these areas within the 
context of a short course, it is important that they be aware and familiar with 
the details of the models which underlie the HAZARD I software. This will 


allow the user to apply the methodology more effectively and to recognize 


2. COURSE GOALS AND OBJECTIVES 


the extent to which the user’s skills and knowledge impact the quality of 
the results. The most important outcome of the course are the participant’s 


ability to use the software and the appreciation of what the participant and 


HAZARD Lare not able to accomplish. 


COURSE CONTENT AND 


ORGANIZATION 


The role of HAZARD Lis to facilitate the systematic evaluations of hazards 


presented in a building. The components of such an analysis include 
e problem definition, 
e scenario selection, 
e model input determination, 


e hazard calculations, 


3. COURSE CONTENT AND ORGANIZATION 


e sensitivity analysis and 
@ consequences analysis. 


These aspects of the process are covered through a combination of lectures 
and small group laboratory work. This approach effectively and efficiently in- 
troduces the students to the process and the synthesis inherent in the rd 
analysis process. 

The outline of the five day course is shown in Figure 1. Further details 
on individual topics are included in Appendix A. The course is presented 
as a balance between lectures, demonstration laboratories and independent 
laboratory project work. The course is organized to maximize the students’ 
actual exposure to the software as well as the overall methodology. In addi- 
tion to following along at their own computer with the instructors as they 
present and discuss examples, students complete an independent project dur- 
ing the course of the ana Participants do this independent project work in 
pairs and report their results and problems daily. Through this interactive 
process each student actually uses all parts of the software on a problem of 
personal interest. In addition, through class presentations the participants 


learn about a wide range of problems and issues which arise in other partic- 


COURSE CONTENT AND ORGANIZATION 


3. 


uur (qe) (qe) a9 our 
| psezeyy jo os Lux juaWEUOY JEPoyWy YH ‘SoueUsIS el (qe) 
paourapy ywoloid 0[old (9)1Sv4 uoissnosig Welolg 
' 0; : 01-027 
eur se) | 
| puezey{ jo sos) Tans Ww induj 1Sv4 uvolsnqwog 
ejdwex3 JOvisd pelo 


(2)iSvs 


suonewueselg pefolrdg 
pelo 


SUONCIUOSOId 
pelorg wuelUy 


eur 
uoleieu0B ey jnduy 


(qe) osm LLIXZ 


suoiejueseld 


pefoig wre}; 
$0C-S1Z 


AGojouowoueyg 
(Wisvs 


(qe) 


Be NIisv4 


aur 


suoejuesesg elold Joysucs| wor] 


(s)isvs 


(‘juoo) ejdwexy 
Jomodes|-4 


ur 


UOISSBS YIOM 
ypoeloid 


MOIABY 
(e)aSsv4 


sinduj jepoyy 
(p)1SV4 


(‘quo9) ejdwexy 
Jemodel|-4 


UOISSOS YIOM 
poeloig 


(‘juoo) ejdwexy 
somodel|4 


SMO} PIN|4 
(e)asv4 


VANE 


seot-910) 


(qu) 


UOISSES YIOM (qe1) induj 1Sv4 eidwexy 
poloig OSN-TIVNAL yeloig somodos|4 
819 
uoyeneay 1Sv4 Guiuuny @sInoD yoYS 
esinod 2 (c)OVNIL (2)iSV4 . OYLO}UOHONpoNU] 
Acpseupem Aepsen, Aepuow Avpuns ; Aepimes 


0661 Aenuer FINGAHOS ASHNOD LYOHS | GHVZVH 


1 - COURSE OUTLINE 


igure 


F 


. 
. 


Figure 3.1 


3. COURSE CONTENT AND ORGANIZATION 


ipants’ projects. 

The course makes significant use of examples and student project work to 
both motivate the participants as well as focus them on problems and issues 
they will ultimately encounter in their later use of HAZARD [I in their 
work. HAZARD Lis first introduced in the context of a concrete example. 
The example used is the single family home used in the Fire Power video 
developed by the National Fire Protection Association for instructional pur- 
poses. It was decided not use the examples provided in the documentation 
for two specific reasons. First, it is desirable to expand the number of ex- 
amples available to the students. More important, it is essential to provide 
the students with well documented examples. The examples included with 
the HAZARD I package are not documented well enough for instructional 
purposes. The examples include the input data used, but no discussion of 
how and why the data was selected. The results are presented, but there is 
no discussion of how the results relate to the problem being solved. As such, 
these examples do not address many of the more important concepts which 
need to be addressed in the context of a course. 


Early in the first day of the course the Fire Power video is shown and the 


scenario is discussed in the context of the hazard analysis process. Students 


3. COURSE CONTENT AND ORGANIZATION 


are involved in discussions of the types of problems and issues which arise in 
residential buildings like the one in the video. This broadens the discussion 
into the general aspects and components of hazard analysis while focusing 
the students’ attention on a concrete and real fire situation. 

During the first day a full example based on the Fire Power test is demon- 
strated and discussed by the instructors. While the instructors demonstrates 
the use of the various programs the students use their own computers to view 
program elements and enter data. This process quickly involves the students 
in the problem solving process while familiarizing them with the HAZARD 
I interface shell. The problems and issues which arise in the selection of in- 
put data are discussed the the students quickly become aware of their central 
role in obtaining usable results from the package. 

The use of the Fire Power example on the first day was not a part of 
the first course offerings done in August 1989. The original course plan used 
lectures to introduce the hazard analysis process, an overview of HAZARD 
I and the components of HAZARD I. While these lectures included the 
necessary material, the students felt too passive and the discussions were 
not sufficiently applications oriented according to most of the students. The 


Fire Power demonstrations cover the same material in a way which involves 
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3. COURSE CONTENT AND ORGANIZATION 


students directly and motivates them in a way that lectures cannot. 

Having been exposed to the whole HAZARD I package and process, the 
course begins to focus on the specific content and basis for the various pro- 
gram elements, beginning with FAST. The FAST model is first presented in 
phenomenological terms. All of the physical and chemical processes included 
in FAST are discussed without the use of equations. This gives an overview 
of FAST and prepares the students for the detailed discussions. 

Three lectures on combustion, fluid flows and heat transfer follow the 
introduction. These lectures cover the submodels included in FAST and 
examine the accuracy of the models used in light of the state-of-the-art. 
Emphasis is placed on understanding the submodels, the limitations of our 
current knowledge, and how these limitations affect our ability to model fire 
effects. These lectures are given on the first and second days of the course. 

Early in the second day, the student project groups present to the class 
and instructors the problem they will be addressing in their project work. 
This reporting requirement quickly focuses the two person project teams to 
define a concrete problem and at the same time exposes the whole class to a 
range of possible uses of HAZARD I which they might not have considered 


themselves. In general there is some further need for the instructors to narrow 
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3. COURSE CONTENT AND ORGANIZATION 


or otherwise focus project plans at this stage. 

On the second day the participants begin project work in earnest. Dur- 
ing the scheduled project periods the project teams will by the end of the 
week have developed input and run all programs in the HAZARD I package 
several times. During these sessions the two instructors answer specific ques- 
tions and guide project teams through their work. In addition, two specific 
lectures are devoted to developing input for the FAST model. 

By the third day the project teams are running FAST. Depending on 
the complexity of the problem, runs may take an hour to finish on a 80286 
PC. Time during lunch is provided for such long run times. More complex 
problems require overnight to complete. Even shorter runs require significant 
run times. As a result, project teams (groups of two students) are encouraged 
to make use of both computers at their disposal. This allows the development 
of new input data on one computer while a FAST run is being completed on 
the other computer. 

The project teams make their first progress report on the third day 
and sessions on FASTPLOT and TENAB are presented by the instructors. 
FASTPLOT is introduced through a demonstration lecture and TENAB is 


introduced in a lecture format. Finally, a review lecture on FAST is pre- 
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3. COURSE CONTENT AND ORGANIZATION 


sented. The review session on FAST includes a discussion of how to critically 
evaluate FAST output and a review of the components of FAST. In this re- 
view, the class is asked to identify the assumptions and the submodels used 


in FAST and to classify them as either: 


1. well established theory, 
2. empirical, 
3. approximation. 


A homework assignment is made for the evening of the third day in which 
the students are given a FAST output file and are asked to describe the fire 
scenario and the resulting fire. In addition, the students are asked to identify 
any problems with the results and to suggest remedies for the problems. In 
addition, the students are asked to evaluate the flow field maps provided in 
the output. The first session of the fourth day is devoted to discussing the 
homework. 

On the fourth day the tenability model lecture is completed and the class 
is introduced to the TENAB software by use of a lecture demonstration. 
The EXITT model is addressed and the construction of an input file for 


EXITT is demonstrated in a laboratory format. DETACT and MLTFUEL 


3. COURSE CONTENT AND ORGANIZATION 


are discussed and demonstrated. Finally, the project teams present their 
progress to date. 

The morning of the final day is devoted almost entirely to project work. 
This is necessary to allow the project teams the time necessary to complete 
the use of all program elements and refine, in part, their initial runs. Partic- 
ipants also complete a course evaluation form. 

The final afternoon is dedicated to final project presentations and the 
introduction of advanced topics. The project presentations give an overview 
of the broad range of topics that may be analyzed using the HAZARD I 
package. Afterwards, additional topics not discussed as part of the team 
project presentations, are presented. This is followed by a presentation and 
demonstration of advanced topics on the use and limitations of the HAZ- 
ARD I package. This is an important part of the course as it emphasizes 
that the five day short course only includes basic topics. Hopefully, the par- 
ticipants will realize the need to continue learning how to use the HAZARD 


I package on their own. 
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COURSE MATERIAL 


A course notebook is given to a student. The contents of the notebook are 
used as overheads during the lecture sessions. The overheads are reproduced 
in the notebook to simplify note taking and provide a notebook which has 
additional value to the student as a reference volume which supplements the 
three volumes of demonstration provided with the software. The contents of 


the notebook, in a slightly modified form, are included in Appendix E. 


lie 


COURSE EVALUATIONS 


At the beginning of the course, each participant is asked to complete a ques- 
tionnaire to establish each student’s background and course expectations (see 
Appendix B). These questionnaires are evaluated by the instructors during 
the lunch time break of the first day. Student expectations, as stated on 
page two, are closely examined. Where expectations are outside the scope 
of the course, students are spoken to on an individual basis to prevent any 
misunderstanding of what will be taught. The course questionnaires may 
also be used to help form project teams. For example, it is beneficial to put 
a person with computer experience together with a student who doesn’t have 


much experience. 
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5. COURSE EVALUATIONS 


The other purpose of the entry questionnaire is to help the students focus 
on what they hope to learn from the course. This helps to create a positive 
learning environment. 

On the final day of the course, course participants fill out a course evalua- 
tion form. The form used for the short course was derived from the evaluation 
form used for regular courses taught at WPI (see Appendix C). This incor- 
porates much of the well researched general questions which are relevant 
to a wide range of courses. For instance, the instructor evaluation section 
used for this course was exactly as used in the regular WPI course evalua- 
tion form. This allows some comparison of the course responses with other 
courses taught at WPI. Other questions in the course evaluaton are specific 
to this short course. While these cannot be directly compared with responses 
for other courses, they provide information of direct relevance to this course. 

The results of the course evaluation varied for each of the three times 
the short course was offered. Based on student comments, the course was 
changed until it evolved into the course described in this report. A numerical 
summary of the course evaluation for the third course is included in Appendix 
D. The section on the instructor(s) indicates that the course instructors were 


very good. When the ratings are compared to the overall WPI average, the 
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5. COURSE EVALUATIONS 


instructors are in the second from the top quintile of all instructors at WPI. 

The student’s general perspectives were very positive. The strongly posi- 
tive response to the WPI handout material indicates the need for such mate- 
rial. The poor response to the NIST documentation was probably a reflection 
of the limited use of the NIST documentation during the course. In general, 
the facilities rated quite well, although there were some negative comments 
about the computer projection equipment. There doesn’t appear to be a 
simple solution to this problem. 

Most students seemed challenged by the course content, however approx- 
imately the same number of students felt that the course was too long as 
those that felt it was too short. Overall, most felt that they learned a lot 
from the course. 

The results of the section on “Specific Perceptions” showed a lack of 
consensus among the students as reflected in a high standard deviation. For 
example, the average score on the question “On the basis of this course I will 
be able to continue to develop hazard analysis skills” was 3.143 (based on 
a maximum of 4.0, indicating that most students would be able to continue 
le-rning on their own. However, the standard deviation was 1.027. This 


reflected the split between the 1 person who rated the question a 0, the 8 
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5. COURSE EVALUATIONS 


who rated it 3 (Agree) and the 5 who rated it 4 (strongly agree). 

It is also interesting to note that although the question “I learned a lot 
in this course” recieved a score of 3.5, the question “I will now be able to 
successfully use HAZARD I at my current job” received an average rating 
of 2.571, with a standard deviation of 1.158. This low rating was based on 
2 “Not applicable”, 1 “Disagree”, 10 “agree” and 1 “strongly agree”. In 
general, students with engineering backgrounds felt more confident about 


using HAZARD I than non-engineers, although both groups felt that they 


had learned a lot during the course. 
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INSTRUCTOR 
QUALIFICATIONS 


REQUIREMENTS 


The experience gained in this course clearly indicates the need to utilize in- 
structors whose expertise goes well beyond the software itself. The instruc- 
tors need to be familiar with the models underlying the software and need 
to be able to relate and contrast these models with the broader literature 


in fire dynamics, people movement, and tenability analysis. The limitations 
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6. INSTRUCTOR QUALIFICATIONS REQUIREMENTS 


of the software cannot be given appropriate coverage if the instructor is not 
familiar with the research literature in these areas. 

The instructors also need to have significant experience in evaluating out- 
put from models like HAZARD I. It is entirely possible for the output to 
appear superficially reasonable, while the results are in fact not even plau- 
sible. Thus, the output from the modes needs to be closely studied and the 
interactions between variables needs to be found and understood. This is 
because it is essential that the students learn to identify which submodels 
are being used and their impact on the ultimate results. 

It is also very important that the instructors be familiar with hazard anal- 
ysis methods and problem solving methods in firesafety engineering. Reality 
cannot be fully captured in any single computer run. Major uncertainties 
exist in the fires to be anticipated and the expected condition of the building 
at the time of the fire. This is in addition to all the uncertainties dictated by 
the state-of-the-art as implemented in HAZARD I. These considerations 
mean that there is a great deal of need to interpret and integrate the results 
of a large number of computer calculations in the context of the problem to 
be solved. Unfortunately, it is all too easy to get so involved in the details 


of running the software that these essential aspects can easily be overlooked. 
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6. INSTRUCTOR QUALIFICATIONS REQUIREMENTS 


Finally, a short course of this type is very challenging for both students 
and rea ierpiates It is very important that teaching methods be used which 
capture the imagination of the students and motivate them to work through 
the many frustrations which inevitably arise in learning such a tool as HAZ- 
ARD I. This is especially true in a concentrated short course environment. 
The course needs to be both fun and challenging. Student involvement 
through project work and homework is essential to success in this type of 


course. 
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ALTERNATE 


PRESENTATION MODES 


The experience gained through three presentations of this course indicates the 
importance of individual interaction of the participants with the computer 
and the instructor to a successful course. It would be impossible to effectively 
teach this course without a computer laboratory and some ability to interact 
with the instructor. 

Thus, while portions of the course could be effectively videotaped, there 
will always need to be a trained instructor directly available to the students 


in a computer laboratory environment. However, it is possible that a satellite 
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7. ALTERNATE PRESENTATION MODES 


course delivery system could be effective. Using this method of delivery there 
is direct opportunity for students to interact with an instructor located at 
a remote location. As such, it may be sufficient to use a previously trained 
HAZARD I user as a laboratory monitor at each reception site. the most 
obvious reception sites are local universities which are already equipped for 
satellite course delivery. 

It remains to be seen if the demand for course delivery is sufficiently high 
to justify pursuing remote course delivery systems. To date, there does not 


seem to be sufficient demand. 
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VALUE FOR DIFFERENT 


USER GROUPS 


While the course was originally designed for fire protection engineers, the 
classes held to date included many non-fire protection engineers and many 
non-engineers. It was found that most groups could benefit from the course, 
though what each group learned differed markedly. 

In general, the engineers were better able to understand the basis of the 
models and their limitations. As such, they tended to get better results from 
the program and were able to be more critical of the results. However, such 


success was not universal, indicating that some of the engineers did not gain 
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8. VALUE FOR DIFFERENT USER GROUPS 


a successful understanding of the bases of the models. It would be fair to say 
that an engineering background did not guarantee that HAZARD I would 
be used effectively. This was particularly true for those engineers who were 
new to fire or who did not use quantitative tools in their daily work. In fact 
there was a subgroup of engineers who did not currently use fire modeling 
and who did not wish to understand the basis of the models and resented 
being exposed to such details. Clearly, this type of attitude presents a severe 
barrier to students becoming effective users of HAZARD I. 

The fire service students were able to learn to use the program. However, 
several had severe difficulty largely due to their lack of computer skills. While 
the rest of the class was learning to use the models, these students were also 
learning to use the computer. The result was that they did not learn to 
use the models. While a high level of computer skills is not required to use 
HAZARD I, its is very important to have basic skills in the use of the 
keyboard in order to interact with simple programs. 

In general, even when use of the computer was not an impediment, the fire 
service personnel found it impossible to understand the basis of the FAST 
model. Nonetheless, they avidly paid attention during these lectures and 


fully appreciated the importance of understanding the basis of the programs 
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8. VALUE FOR DIFFERENT USER GROUPS 


in order to use the models effectively. 

In the end, most fire service students did not think they could use HAZ- 
ARD [as a quantitative tool. They did think it might be useful for training 
fire service personnel about fire and how fire ground actions may affect fire 
and smoke behavior. They also spoke of potential for use of the model for 
public education; for example, to teach the public about the value of smoke 
detectors and closing bedroom doors. 

Code officials did not fully understand the basis of the models and as such 
could not correctly use the models to predict fire, smoke and people behavior. 
However, they were able to learn enough about the models to evaluate many 
aspects of the use of HAZARD I by individuals who presented results to 
them. They were able to ask questions which would indicate whether the 
submitter actually understood the model results and the limitation of the 
models themselves. It would seem quite realistic to expect to be able to 
train code officials to evaluate, at least in a preliminary fashion, the results 
ofa HAZARD [analysis presented to them as the basis of a code exception 
or modification. 

Although code officials can be trained to perform a preliminary evaluation 


of HAZARD I output, it is highly likely that a detailed evaluation would 
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8. VALUE FOR DIFFERENT USER GROUPS 


require consultation with an engineer. 

The non-engineer fire investigators who have taken the course to date, 
in general fall in the same category as the fire service. They were able 
to use the models, but were not effective in using the models for anything 
more than demonstration of a known principle, such as the effectiveness of 
smoke detectors. For both the investigators and the fire service, the common 
problem was that their level of understanding of the basis of the models did 
not allow them to identify improper or inappropriate use of the models. 

In all cases, educational background or job experience were no guarantee 
of success in using HAZARD I, unless skills similar to that needed for 
the use of HAZARD I were regularly used in daily work. Thus, while 
many engineers were quite successful in using the package, others were not 
so successful. In all cases, it is clear that continued use of the package and self- 
study beyond the five day short course is needed for students to develop into 
effective users of the methodology. No follow-up study has been undertaken 


to evaluate the extent of such activities among the participants in the first 


three classes. 
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CONCLUSION 


WPI has Aovelone a short course to teach users how to use HAZARD I. 
The short course emphasizes how to use the HAZARD I methodology and 
software correctly and efficiently, and how to recognize misapplications of 
the software. Extensive course materials were prepared as part of this effort. 
The course has been taught three times, with modifications reflecting the 
instructors’ experiences being added to the course each time. 

The course participants have included fire protection engineers, general 
engineers and researchers, Code officials and members of the fire service. 
All participants benefited from the course. However, only the engineers, in 


general, were able to learn enough about HAZARD I to continue learning 
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9. CONCLUSION 


how to use it on their own and eventually use it in practice. 
Based on this experience, it is clear that short course such as this one 
are essential if software as complex as HAZARD [iis to be used safely and 


effectively. It may also be concluded that an engineering background is a 


necessary prerequisite for the successful use of the software. 
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Appendix A 


HAZARD I COURSE 


SCHEDULE OUTLINE 


A.l DAY 1 


A.1.1 Introduction to the Short Course 


This session will lay out the course goals and expectations, as well as orga- 
nizing the class into two person working groups for laboratory and project 
work. The logistics of the course will be handled. The week’s schedule and 
class methods will be spelled out. This session may not require the full pe- 
riod, leaving some extra time for the next session. Each day will begin with 
a short informal run down of the plans for the day. 


A.1.2 Fire Power Example 
The use and capabilities of HAZARD I will be demonstrated through an 


example based an actual residential fire as shown in the Fire Power video- 
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APPENDIX A. HAZARD I COURSE SCHEDULE OUTLINE 


tape. The video will be used to introduce the scenario and show the fire 
and its results How HAZARD I can be used for this problem will be 
explored. Through the course of several sessions each of the relevant parts 
of HAZARD I will be demonstrated for the Fire Power example case. 
This will include the development of input sets, running the programs, and 
examining outputs and comparing the results to both the video and data 
collected during the test. Students will be working at their PC’s following 
the instructor through this extensive introductory example. This session will 
begin to expose the students to the methodology and software, its power and 
limitations. 


A.1.3 FAST(1) 


Introduction to the general structure and capabilities of FAST; introduce 
zone model concept; introduce the phenomena which are modeled without 
using equations; discuss the general validity and accuracy of the model to the 
extent that validation results are available. This session is intended to make 
the student aware of the fire phenomena which FAST can handle and the 
general accuracy which may be reasonably expected under ideal conditions. 


A.1.4 FAST(2) 


Detailed discussion of the modeling used in FAST including the equations. 
The discussion will focus on combustion, smoke and gas generation. The 
models used in FAST will be presented, compared with the state-of-the-art, 
and discussed in terms of the ranges of conditions for which the model has 


been tested. The limitations of the models and their possible impact on the 
results will be discussed. 


A.1.5 Project 


This session is used to allow students to begin to define projects for use as 
an exercise through the remainder of the course. Projects will be done in 
teams of two, with each student having his own PC. The instructors discuss 
the project definition process and provide informal feedback to the project 
teams. 
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A.2 DAY 2 
A.2.1  FAST(3) 


Detailed discussion of the modeling used in FAST including the equations. 
The discussion will focus on fluid flows. The models used in FAST will be 
presented, compared with the state-of-the-art, and discussed in terms of the 
ranges of conditions for which the model has been tested. The limitations of 
the models and their possible impact on the results will be discussed. 


A.2.2 Project Discussion 


This session will be used to define projects for use as an exercise through the 
remainder of the course. Hach team will have previously(overnight) devel- 
oped a tentative project. Each team will present their project to the class. 
Questions will be handled and projects will be approved by the faculty during 
this session. 


A.2.3 FAST(4) 


Establishing model input data. Defining the building, vents, walls, wind, etc 
will be discussed. How to simplify a building to allow it to be evaluated, 
how to select vent and wind conditions, and other matters which need to be 
addressed in developing FAST input. 


A.2.4 Project 


Students develop building inputs for their project case and begin to load 
these using FASTIN. Emphasis will be placed on the process of input deter- 
mination and documentation of the basis for input selection. 


A.2.5 FAST(5) 


Detailed discussion of the modeling used in FAST including the equations. 
The discussion will focus on heat transfer. The models used in FAST will be 
presented, compared with the state-of-the-art, and discussed in terms of the 
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ranges of conditions for which the model has been tested. The limitations of 
the models and their possible impact on the results will be discussed. 


A.2.6 FASTIN 


This laboratory session will introduce the FASTIN program and how it can 
be used to generate FAST input files. All aspects of program use will be 
covered such that students are ready to begin entering input for their project 
case. 


A.2.7 Project 


Students develop building inputs for their project case and begin to load 
these using FAST_IN. Emphasis will be placed on the process of input deter- 
mination and documentation of the basis for input selection. 


A.2.8 FAST(6) 


Defining fire scenarios and developing fire and species generation inputs. 
This includes statistical considerations as well as the methods available for 
determining the heat release rate history for generic fuel items. Specific 
discussions of the interaction of species generation inputs with the model will 
be included. Available sources of data will be discussed. A small library of 
input data sources will be made available to students for use in the laboratory. 


A.3 DAY 3 
A.3.1 FAST(7) 


Running FAST; this session will cover methods for running FAST and for 
modifying input files generated by FAST_IN. The available outputs from 
the program will be discussed. An example will be developed from inception 
through to running FAST. This example will be further developed throughout 
the course. 
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A.3.2 Project 


In this session the students will complete the basic building inputs and will 
begin to define scenarios as well as defining the input fires. 


A.3.3 FASTPLOT 
The use of FASTPLOT will be explored for both graphics and ASCII file 


generation. 


A.3.4 FAST(8) 


Review of FAST including capabilities, limitations, options, etc. The exam- 
ple will be further developed including output. Outputs will be evaluated 
critically to detect any problems or shortcomings of the results. 


A.3.5 Project 


Students will complete a first cut input file for FAST and run FAST. Re- 
member that each student has a computer, so they can be running FAST on 
one PC while developing another data set on the other PC. 


A.3.6 Interim Project Presentations 


Student groups will give a short description of their problems and progress 
in project work to date. This session is intended to expose the class to the 
issues which arise in using HAZARD I on a wide range of problems. 


A.3.7 TENAB(1) 


Detailed discussion of the tenability models used in TENAB, including the 
source of the data underlying the expressions, and a review and comparison 
of the various models available. The various ways of using TENAB will be 
discussed and compared. 
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A.3.8 Project 


Students will refine their initial FAST input sets, improving the use of the 
model and examining relevant scenarios. Students will begin to develop their 


first EXITT input sets. 


A.4 DAY 4 


A.4.1 Homework Discussion 


The homework assignment for the previous night is reviewed and discussed 
in class. The assignment involves the evaluation of a FAST output file for 
the Firepower house which the class has not before seen. Students identify 
the simulation which is being done, point out notable events in the run, and 
identify errors, limitations, or problems with the run. The evaluation of the 
flow maps in the .FST file is discussed. 


A.4.2 TENAB Use 


The TENAB program will be demonstrated in this laboratory session. The 
input and output files will be examined. The example will be used to demon- 
strate the use and interpretation of TENAB output. 


A.4.3. EXITT(1) 


Discussion of the EXITT model, its structure, assumptions, decision rules, 
and the interaction of the people and the fire signatures. 


A.4.4 Project 


TENAB- prepare data and run the program at least once. 


A.4.5 EXITT Use 


Laboratory session on developing an input file for EXITT. The example will 
be used as an instructional tool for learning the file structure and how to 
develop the input file. The program will be run and the results examined. 
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A.4.6 Interim Project Presentations 


Student groups will give a short description of their problems and progress 
in project work to date. This session is intended to expose the class to the 
issues which arise in using HAZARD Ion a wide range of problems. 


A.4.7 DETACT, MLTFUEL 


The basis of these two auxiliary programs will be discussed in detail and the 
software will be demonstrated. 


A.4.8 Project 


Students will develop and run an input set for the EXITT program. 


A.5 DAY 5 


A.5.1 Course Evaluation 


Course evaluation by students. Fill out course evaluation forms and provide 


feedback. | 


A.5.2 Project 


Completion of student projects. Students will prepare a short paper on the 
results of their project using the HAZARD I text editor. The report will 
discuss the process and the results obtained. It should be written in the 
style of a progress report to a supervisor. Copies of any files created by the 
students may be made with all files created by the students remaining on the 
hard disk for examination by the faculty after the course ends as an aid in 
informally assessing the effectiveness of the course. 


A.5.3 Project Presentations 


Final presentations given by the project teams. These sessions will allow 
students to describe and discuss with others the successes and problems en- 
countered in the project work. Open for general questions and comments. 
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A.5.4 Example Use of HAZARD I 


Complete the example used throughout the course and review the whole pro- 
cess for the example. Examine what additional work could be done and how 
HAZARD I performed for the example. Critical discussion of HAZARD 
I using the example as a vehicle. Hopefully, the students will have a good 
sense of what can be expected from the software and the method at this 
point. 


A.5.5 Advanced Use of HAZARD I 


The course necessarily focuses on the basics needed to perform an analysis. 
This session introduces more advanced topics which the students may want 
to explore in more detail after the course. 
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APPENDIX B. STUDENT BACKGROUND FORM 


Center for 
Firesafety 
Studies 


HAZARD | 


A Short Course on Modeling Fire and Fire Hazards 


Course Participants Entry Questionnaire 


Student Background 
Name: 
Job description: 
Education and Training(circle one): 
1. Fire protection engineer 
2. Other engineering field(please specify field) 
3, Engineering technology 
3. Non-engineer(please specify) 
Educational Level(circle one) HS AS BS MS PhD 


Are you a member of the Society of Fire Protection Engineers? yes no 


Have you taken a college level course in the following areas? 


Fluid mechanics yes no 
Heat transfer yes no 
Thermodynamics yes no 
Engineering mathematics yes no 
Hazard analysis yes no 
Computer programming yes no 


Do you have and use an IBM PC compatible computer at work? ves no 
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If you use a computer at work, describe briefly the types of tasks you 
routinely perform using the computer and how conversant you are with 


computers and PC's in particular. 


Student Expectations 


Do you expect to use HAZARD I in your work after the short course? yes no 


If so, what kinds of uses can you now envision? If not, why not? 


What level of performance with HAZARD I do expect to achieve by the end of 


the short course in the following areas: 


Understanding the method's capabilities: 
Running the software: 

Developing a hazard analysis: 
Developing input for the software: 
Interpreting output from the software: 
Understanding the basis of the method: 
Understanding the method's limitations: 
Using the documentation: 


novice 
novice 
novice 
novice 
novice 
novice 
novice 
novice 


average 
average 
average 
average 
average 
average 
average 
average 


What do you hope to learn and be able to do at the end of this course? 
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expert 
expert 
expert 
expert 
expert 
expert 
expert 
expert 
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COURSE EVALUATION 


FORM 


APPENDIX C. COURSE EVALUATION FORM 


‘ HAZARD I 
A SHORT COURSE FOR FIRE PROTECTION ENGINEERS 


COURSE EVALUATION FORM 


You have just concluded a pilot course on Hazard I. By providing your 
perceptions of the effectiveness of the course, you can help to improve its 
overall quality. 


PART I 


Please circle the catagory to indicate your feeling of diagree/agree 
from STRONGLY DISAGREE to STRONGLY AGREE. Circle NOT APPLICABLE if the 
particular statement does not apply to you. 


NA Not Applicable 
SD . Stongly Disagree 
D Disagree 

A Agree 

SA Strongly Agree 


PART IA - THE INSTRUCTORS 


1. The instructors established clear objectives 


for this course NA SOD D A SA 
2. The instructors organized the course well. NA SD OD A SA 
3. The instructors were well prepared to teach 

each class. NA SO D A SA 
4. The instructors communicated well. NA SD D A SA 
5. The instructors demonstrated a good under- 

standing of the material being taught. NA SD D A SA 
6. The instructors used class time efficiently. NA SD D A SA 
7. The instructors used visual aids in an 

effective manner. NA SD D A SA 
38. The instructors stimulated my interest in 

the subject matter. NA $D, <0. Ate SA 
9. The instructors were well above average. NA SD D A SA 


10. The instructors showed me how to use the 
computer equipment properly. NAsA SD spDoa Ara SA 


ll. The instructors provided adequate time to 
complete the projects. NA SD D A SA 
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PART IB - GENERAL PERSPECTIVES 


1. The WPI prepared handouts helped me learn 


the subject matter. 


2. Tne NIST prepared Hazard I documentation 


was useful in learning to use the 
software. 


3. The room used for the course was 
acceptable. 


4. The computer equipment was in good 
operating condition. 


QO) 


useful. 


6. The material to be learned in this course 


was difficult. 
7. The one week format was ton long. 
8. The one week format was too short. 


9. I learned a lot in this course. 


PAR Tel CGma=nseec RIC PERCEPTIONS 


The computer projection technique was 


1. Hazard I will be useful to me at my 


current job. 


2. Hazard I will be useful to use in the 


future. 


3. Qn the basis of this course I will be able to 
continue to develop hazard analysis skills. 


4. I will now be able to successfully use 


Hazard I at my current job. 


5. I feel confident that I can identify 


misuse of Hazard I. 


6. I need an additional course on how to 


use Hazard I. 


7. I now can teach the use of Hazard I 


to others. 
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NA 


NA 


NA 


NA 


NA 
NA 
NA 
NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


SD 


SD 


SD 


SD 


SD 
SO 
SD 
SD 


SD 


SD 


SD 


SD 


SD 


SO 


SD 


SA 


SA 


SA 


SA 


SA 


SA 


SA 
SA 
SA 


SA 


SA 


SA 


SA 


SA 


SA 


SA 
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PART II - BACKGROUND INFROMATION 


1. I am/ am not (circle one) a member in the Society of Fire Protection 
Engineers. 


ga My gob) Chasstificationtis .(describe primary 
job function) 


3. I nave/have not (circle one) used a PC for engineering analysis in the 
pas . 


ct 


PART III - WRITTEN COMMENTS 


1. What did you particularly like about this course? 


2. What did you particularly dislike about this course? 


3. Can you suggest anything that the instructors can do to improve the 
quality of teaching? 


4, What strategy would you advise a friend to use to benefit from this 
course? 


5. Other comments? 
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COURSE EVALUATION 


FORM RESULTS 


(Note: all results based on a maximum score of 4.00) 


D.1 PART IA —- THE INSTRUCTORS 


D.1.1 The instructors established clear objectives for 
this course: 


Average: 3.571, Standard Deviation: 0.514. 


D.1.2 The instructors organized the course well. 


Average: 3.500, Standard Deviation: 0.519. 
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D.1.3. The instructors were well prepared to teach 
each class. 


Average: 3.929, Standard Deviation: 0.267. 


D.1.4 The instructors communicated well. 


Average: 3.643, Standard Deviation: 0.497. 


D.1.5 The instructors demonstrated a good under- 
standing to the material being taught. 


Average: 3.857, Standard Deviation: 0.363. 


D.1.6 The instructors used class time efficiently. 
Average: 3.500, Standard Deviation: 0.519. 


D.1.7 The instructors used visual aids in an effective 
manner. 


Average: 3.429, Standard Deviation: 0.514. 
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D.1.8 The instructors stimulated my interest in the 
subject matter. 


Average: 3.643, Standard Deviation: 0.497. 


D.1.9 The instructors were well above 


average. Average: 3.643, Standard Deviation: 0.497. 


D.1.10 The instructors showed me how to use the 
computer equipment properly. 


Average: 3.357, Standard Deviation: 1.082. 
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D.1.11 The instructors provided adequate time to 
complete the projects. 


Average: 3.429, Standard Deviation: 0.514. 


D.2 PART 1B- GENERAL PERSPECTIVES 


D.2.1 The WPI prepared handouts helped me learn 
the subject matter. | 


Average: 3.286, Standard Deviation: 0.611. 


D.2.2 The NIST prepared HAZARD I documenta- 
tion was useful in learning to use the software. 


Average: 2.071, Standard Deviation: 1.072. 


D.2.3. The room used for the course was acceptable. 


Average: 3.286, Standard Deviation: 0.469. 


D.2.4 The computer equipment was in good operat- 
ing condition. 


Average: 3.571, Standard Deviation: 0.514. 


D.2.5 The computer projection technique was useful. 
Average: 3.143, Standard Deviation: 0.663. 


D.2.6 The material to be learned in this course was 


difficult. 
Average: 2.714, Standard Deviation: 0.914. 
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|B ppg ¢ 


Average 


D.2.8 


Average: 


D.2.9 


Average: 


D.3 


D.3.1 


Average: 


D.3.2 


Average: 


D.3.3 


Average: 


D.3.4 


Average: 


D.3.5 


Average: 


The one week format was too long. 


: 2.143, Standard Deviation: 0.535. 


The one week format was too short. 


2.214, Standard Deviation: 0.426. 


I learned a lot in this course. 
3.500, Standard Deviation: 0.519. 


PART 1C —-SPECIFIC PERCEPTIONS 


HAZARD I will be useful to me at my current 
job. 
2.857, Standard Deviation: 1.027. 


HAZARD I will be useful to use in the future. 
3.286, Standard Deviation: 0.611. 


On the basis of this course I will be able to 
continue to develop hazard analysis skills. 


3.143, Standard Deviation: 1.027. 


I will now be able to successfully use HAZARD 
I at my current job. 


2.571, Standard Deviation: 1.158. 


I feel confident that I can identify misuse of 
HAZARD I. 


2.929, Standard Deviation: 0.475. 
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D.3.6 Ineed an additional course on how to use HAZ- 
ARD I. 


Average: 2.500, Standard Deviation: 0.650. 


D.3.7 I can teach the use of HAZARD I to others. 
Average: 2.357, Standard Deviation: 0.929. 
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COURSE NOTEBOOK 


CONTENTS 


Center for 
Firesafety 
Studies 


HAZARD | 


A Short Course on Modeling Fire and Fire Hazards 


Developed by: 


Dr. Jonathan Barnett 
Assistant Professor 

Center for Firesafety Studies 
Worcester Polytechnic Institute 
Worcester MA 01609 


Dr. Craig Beyler 

Fire Science Technologies 
5430F Lynx Lane 

Suite 131 

Columbia MD 21044 

Adjunct Assistant Professor, WPI 
Center for Firesafety Studies 


Developed with partial support from the Center for Fire Research, NIST 
NIST Scientific Officer: Richard Bukowski 
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File Extension Naming Conventions 
(from page 3-2 of the Software User's Guide) 


.BLD Building occupant file used as input to EXITT, user generated 
using the editor 


-DAT Input file for FAST, generated by FAST_IN or editor 


-DMP __— Unreadable output file from FAST- used to provide input for 
EXITT and TENAB, as well as FASTPLOT 


-EVA _Unreadable output file from EXITT, used to provide input to 
TENAB 


EXT Readable output file from EXITT 

ST Readable output file from FAST 

ish Unreadable output file from TENAB, used as input to FASTPLOT 
TEN Readable output file from TENAB 

PRE Thermal properties database file for FAST and FAST_IN 


FAST_IN 

Inputs: .TPF(readable) , .DAT(readable), keyboard 
Outputs: .DAT(readable) 

FAST 


Inputs: .TPF(readable), .DAT(readable) 
Outputs: .FST(readable), .DMP(not readable) 


EXITT 


Inputs: -.DMP(not readable), keyboard 
Outputs: .EXT(readable), .EVA(not readable) 


TENAB 


Inputs: .DMP(not readable) , .EVA(not readable), keyboard(con) 
Outputs: .TEN(readable), .PLT(not readable) 
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EXITT BUILDING-OCCUPANT FILE STRUCTURE 
File Name Extension : .BLD 


Line 1 
# FAST compartments, # EXITT nodes 


Line 2 
Room code numbers 
(# of FAST rooms + one = door to outside 
# of FAST rooms + two = window to outside) 
(Indexed sequentially by node, position in list 
indicates the node number) 


Line 3 
EXITT room numbers 
(Indexed sequentially by node, position in list 
indicates the node number) 


Line 4 
Height of room at nodes 
(Indexed sequentially by node, position in list 
indicates the node number) 
Line 5 
Height of node above the floor 
(Indexed sequentially by node, position in list 
indicates the node number - note that 
a person's nose is 5 ft above the node height) 
Line 6 
Base noise level at each node 
(Indexed sequentially by node, position in list 
indicates the node number) 


Line 7 
# of smoke detectors 


Line 8 
Times at which detectors activate 
(Indexed sequentially by detector, position in list 
indicates the detector number - use a —1 to let 
EXITT activate detector based on the OD of smoke) 


Line 9 
Node location of detectors 
(Indexed sequentially by detector, position in list 
indicates the detector number) 
Line 10 


Detector noise level at each node -one line per detector 
(Indexed sequentially by node, position in list 
indicates the node number) 
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BUILDING OCCUPANT FILE: 


Start node, end node, distance(m) 
(One line for each edge(travel path between nodes), 
indexed sequentially by edge, position in list indicates 
- the edge number) 


Age of occupants 
(Indexed sequentially by occupant, position in list 
indicates the occupant number) 


Sex of occupants 
(Indexed sequentially by occupant, position in list 
indicates the occupant number: l=male, 0=female) ~ 


Awake or asleep 
(Indexed sequentially by occupant, position in list 
indicates the occupant number: l=awake, 0=asleep) 


Node locations of individuals before the fire | 
(Indexed sequentially by occupant, position in list 
indicates the occupant number) 


Occupant needs help? 
(Indexed sequentially by occupant, position in list 
indicates the occupant number: 1=yes, 0=no) 


Sleeping Penalties 
(Indexed sequentially by occupant, position in list 
indicates the occupant number: 0=normal sleeper or 
awake, —15= light sleeper, 50= deep sleeper or hearing 
problems) 


Travel speed 
(Indexed sequentially by occupant, position in list 
indicates the occupant number: zero or negative 
uses default of 1.3 m/s, positive value -> speed, m/s) 
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BUILDING OCCUPANT FILE: 
FIREP9.BLD 


ESRD dee ea 
Be ee eT 
TY, 2.) 3.) 4) 250] 46. [i.5.1 23.5 ii |e ly eal 
2.4 /24[24/5.2[24[24[24/247 [TT 
-O [0] 0 (05/23/23/2370 7 TTT 
20 | 20 | 20|20/20/20/20/207 [ TT 
2 || ee ssf) 2 fas (sie ain aa 


See the Software User's Ghide| pp #-12|to 4420 for 
filles] ..| scat ln iz else tenes ee 
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BUILDING OCCUPANT FILE: 
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BUILDING OCCUPANT FILE: 
BLD File Worsheet for Lines 2 and 3 


BLD File: FIREP9.BLD 
# of FAST Rooms(NRM) =_ 6 


EXITT -EXITT FAST EXITT FAST 7+ 
Node # Room # Room # Node # Code # 
| BLD Line 3 Comment | BLD Line 2 
eat a ae 


f- = Fast Room # if not a door or window 
= NRM + 1 if node is a door 
= NRM + 2 if node is a window 
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BUILDING OCCUPANT FILE: 
BLD File Worsheet for Lines 2 and 3 


BLD File: 
# of FAST Rooms(NRM) =___ 


CALLE EXITT FAST ORME FAST f+ 
Node # Room # Room # Node # Code # 
BLD Line 3 Comment | BLD Line 2 


+ - = Fast Room # if not a door or window 
= NRM + 1if node is a door 
= NRM + 2 if node is a window 
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EXITT Instructions 


. Type the FAST dump file name 
The list of available FAST dump files with the extension 
DMP is listed on the screen for your convenience. 
The program will ask for a second dump file which you do not want to 
use, so just hit return. 


. Type the name of the building occupant file (.BLD) 

This is the file which you need to create using the editor. 
If the screen does not show a BLD file for your case, you 
have not yet created one and you cannot use EXITT yet. 


. Type the filename for the EXITT output. 
This file is readable and should have the file name 
extension .EXT. 


. Type the filename for the EXITT dump file. 
This file will be used to communicate with TENAB 
and should have the extension . EVA. 


. After recieving the dump file name, the program will run. 
Go to the HIS shell (type esc) and use F'7 to view the .EXT 
file to see the results. 
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TENAB Instructions 


1. Type the FAST dump file name 
The list of available FAST dump files with the extension DMP is 
listed on the screen for your convenience. The program will ask 
for a second dump file which you do not want to use, so just hit 
return. | 


2. Type the name of the EXITT dump file (.EVA) or "con" if you intend to 
manually define the location and movement of people. 
If you have not yet run the EXITT model, your only options are to 
use TENAB with manual inputs or to leave TENAB and run 
EXITT first. 


3. Type the filename for the TENAB output. 
This file is readable and should have the file name extension 
TEN. 


4. Type the filename for the TENAB dump file. 
This file will be used to communicate with FASTPLOT and should 
have the extension .PLT. 


Steps 5-8 are only required if you typed "con" as the source of people 
movement data earlier. 


5. Enter the number of nodes you wish to define. 
Nodes are simply the locations which people can be located in the 
building. 


6. Enter the occupant locations, occupant numbers, time of arrivals at the 
node, and the node heights 
Remember that the occupant's nose is 5 ft above the node height.. 
When you complete all occupant movement instructions simply hit 
return. 


7. Enter the FAST room number for each of the node locations. 


8. Alter the default toxicological endpoints if desired. 
We don't recommend you change them in general so just hit 
enter. 


9. The program will run. 


Go to the HIS shell (type esc) and use F'7 to view the .TEN file to see 
the results. 
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